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(57) ABSTRACT

Provided is a display device. An illustrative display device of
the present application may display three-dimensional
images or two-dimensional images, which may be enjoyed
without glasses.
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1
DISPLAY DEVICE

This application is a Continuation Bypass of International
Application PCT/KR2013/001016, with an international fil-
ing date of Feb. 7, 2013 which claims priority to and the
benefit of Korean Patent Application No. 10-2012-0012106,
filed on Feb. 7, 2012, and Korean Patent Application No.
10-2013-0014004, filed on Feb. 7, 2013, all of which are
incorporated herein by reference in their entirety.

FIELD

The present application relates to a display device.

BACKGROUND

Generally, display devices display two-dimensional
images. Recently, as the demand for three-dimensional
images increases in the fields, such as games or movies, and
the like, display devices displaying three-dimensional images
have been developed. A pair of two-dimensional images is
input into two eyes of an observer, and the input images are
merged in the brain of the observer, thereby recognizing a
three-dimensional image.

Stereoscopic display devices (hereinafter, referred to as 3D
devices) may be classified into a stereo-scopic type and an
auto stereo-scopic type according to whether an observer
needs to wear special glasses. In auto stereo-scopic devices, a
parallex barrier method described in Patent Document 1 or a
lenticular lens method described in Patent Document 2, and
the like are usually used.

PRIOR ART DOCUMENT
Patent Document

Korean Patent Publication No. 10-2005-0119140
Korean Patent Publication No. 10-2003-0088244

DESCRIPTION
Object

The present application is directed to providing a display
device.

Solution

One aspect of the present application provides a display
device including a display element and a liquid crystal panel.
The device may be a device that may display both two-
dimensional images (2D images) and three-dimensional
images (3D images).

The device may include a display element 20 and a liquid
crystal lens panel 10, as in FIG. 1 or FIG. 2. Also, the device
may additionally include a polarizer between the display
element and the liquid crystal lens panel. Furthermore, the
device may additionally include a polarizer and a light source,
which are sequentially disposed on a side opposite to the
liquid crystal lens panel of the display element. Hereinafter,
in the present specification, for convenience of description,
the polarizer disposed between the light source and the dis-
play element will be referred to as a first polarizer, and the
polarizer disposed on a side opposite to the first polarizer will
be referred to as a second polarizer.

The first and second polarizers included in the device are
optical elements, in which a transmission axis and an absorp-
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tion axis which is perpendicular to the transmission axis are
formed. When light is incident to a polarizer, the polarizer
may transmit only light having a polarization axis parallel to
the transmission axis direction of the polarizer among the
incident light. In the present specification, when terms used to
define angles, such as vertical, parallel, perpendicular, hori-
zontal, and the like, these terms mean substantially vertical,
parallel, perpendicular, or horizontal within a range that does
not damage a desired effect, and include an error in consid-
eration of, for example, fabrication error or variation, and the
like. For example, the term may include an error within about
%15 degrees, an error within about £10 degrees, or an error
within about £5 degrees.

In an illustrative embodiment, the absorption axis of the
first polarizer and the absorption axis of the second polarizer,
which are included in the device, may be perpendicular to
each other. In this case, the transmission axes of the first and
second polarizers may also be perpendicular to each other.

As the light source, for example, a direct type or edge type
back light unit (BLU) that is typically used in a liquid crystal
display (LCD) may be used. As the light source, various kinds
of light sources may be used without limitation in addition to
the aforementioned light sources.

The display element of the device may generate an image
signal in a driving state, for example, an image signal includ-
ing a two-dimensional image signal or a right-eye image
signal (hereinafter, referred to as an R signal) and a left-eye
image signal (hereinafter, referred to as an L signal). In an
illustrative embodiment, the display element may include a
right-eye image signal generating region (hereinafter,
referred to as an UR region) that is capable of generating a
two-dimensional image signal or an R signal and a left-eye
image signal generating region (hereinafter, referred to as an
UL region) that is capable of generating a two-dimensional
image signal or an L signal in a driving state. In the display
device, the image signal generating region is referred to as the
UR region and the UL region. However, the display element
may generate a two-dimensional image signal regardless of
the name of the region.

The display element may be a region including a transmis-
sion type liquid crystal panel or a region formed by a liquid
crystal layer of the liquid crystal panel. The transmission type
liquid crystal panel may sequentially include, for example, a
first substrate, a pixel electrode, a first alignment layer, a
liquid crystal layer, a second alignment layer, a common
electrode, and a second substrate from the light source side.
An active type driving circuit including a thin film transistor
(TFT) as a driving element in electrical contact with a trans-
parent pixel electrode, an interconnection, and the like may be
formed on the first substrate that is on the light source side.
The pixel electrode may include, for example, indium tin
oxide (ITO) and the like, and serve as an electrode in each
pixel. In addition, the first or second alignment layer may
include, for example, a material, such as polyimide and the
like. The liquid crystal layer may include, for example, ver-
tical alignment (VA), twisted nematic (TN), super twisted
nematic (STN), or in plane switching (IPS) mode liquid crys-
tals. The liquid crystal layer may serve to transmit or block
light for each pixel from the light source by a voltage applied
from the driving circuit. The common electrode may include,
for example, ITO and the like, and serve as a common counter
electrode.

The display element may include UR and UL regions
formed by one or more pixels. For example, in the liquid
crystal panel, a unit pixel including a liquid crystal sealed
between the first and second alignment layers, or at least two
unit pixels may be combined to form the UR or UL region.
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The UR and UL regions may be disposed in a row and/or
column direction. FIG. 3 is a view illustrating the arrange-
ment of the UR and UL regions. As in FIG. 3, the UR and UL
regions may have a stripe shape extending in a common
direction and may be alternately disposed adjacent to each
other. FIG. 4 illustrates a different illustrative arrangement,
and the UR and UL regions are alternately disposed adjacent
to each other in a lattice pattern. The arrangement of the UR
and UL regions is not limited to the arrangements of FIGS. 3
and 4, and various designs known in the art may be all applied.

The display element may generate a two-dimensional
image signal or an image signal including R and L signals by
driving pixels in each region according to signals in a driving
state.

In an illustrative embodiment, a process in which the dis-
play element in the device generates an image signal includ-
ing R and L signals will be described. For example, when
light emitted from the light source is incident to the first
polarizer, only light polarized in a direction parallel to the
transmission axis of the first polarizer passes through the first
polarizer. The passing light is incident to the display device,
and then the light passing through the UR region may be
converted into an R signal and the light passing through the
UL region may be converted into an L. signal. When the R and
L signals are incident to the second polarizer, only a signal
polarized in a direction parallel to the transmission axis of the
second polarizer may pass through the second polarizer to be
incident to the liquid crystal lens panel. In an illustrative
embodiment of the present application, the polarized signal
that passes through the second polarizer to be incident to the
liquid crystal lens panel may be a linearly polarized signal.
Furthermore, the linearly polarized signal may be polarized in
a direction perpendicular to a helical axis of a cholesteric
alignment region of the liquid crystal lens panel to be
described below, and then incident to the liquid crystal lens
panel.

In another illustrative embodiment, a process in which the
display element in the device generates a two-dimensional
image signal will be described. For example, when light
emitted from the light source is incident to the first polarizer,
only light polarized in a direction parallel to the transmission
axis of the first polarizer passes through the first polarizer.
When the passing light is incident to the display element to
produce a two-dimensional image signal, light passing
through the UR region and light passing through the UL
region may be converted into two-dimensional image signals
in the same manner. When the thus-generated two-dimen-
sional image signals are incident to the second polarizer, only
a signal polarized in a direction parallel to the transmission
axis of the second polarizer may pass through the second
polarizer to be incident to the liquid crystal lens panel.

The liquid crystal lens panel may include a lens layer.
Furthermore, the lens layer may include a liquid crystal
region formed by liquid crystal molecules.

Liquid crystal molecules in the liquid crystal region may
exhibit a dielectric anisotropy (AS=0). The term dielectric
anisotropy in the present specification may mean that dielec-
tric constants in a major axis direction and in a direction
perpendicular to the major axis are different from each other.

When liquid crystal molecules have a dielectric anisotropy,
the alignment of liquid crystal molecules may be changed
according to a voltage applied to the lens layer and the inten-
sity thereof. The dielectric anisotropy of liquid crystal mol-
ecules may have a positive or negative value. The fact that the
dielectric anisotropy of liquid molecules has a positive value
means that the dielectric constant in a major axis direction of
liquid crystal molecules is larger than the dielectric constant
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in a minor axis direction thereof. Furthermore, the fact that
the dielectric anisotropy of liquid molecules has a negative
value means that the dielectric constant in a major axis direc-
tion of liquid crystal molecules is smaller than the dielectric
constant in a minor axis direction thereof. In an illustrative
embodiment, when liquid crystal molecules have a positive
dielectric anisotropy, if a voltage is applied to the lens layer,
the liquid crystal molecules may be re-aligned in a direction
on which the voltage is applied.

Inan illustrative embodiment, the liquid crystal region may
be a region that can be switched between a cholesteric align-
ment region and a non-cholesteric alignment region.

The cholesteric alignment region 300 may include choles-
terically aligned liquid crystal molecules as in FIG. 5. The
cholesterically aligned liquid crystal molecules have a helix
type structure in which the liquid crystal molecules form a
layer and a director of the liquid crystal molecules is aligned
while being twisted along the helical axis (H). In the helix
type structure, a distance until the director of liquid crystal
molecules completes the rotation of 360 degrees is referred to
as a pitch (P).

The cholesteric alignment state may be released while
liquid crystal molecules are aligned in one direction by apply-
ing an appropriate voltage on the lens layer including the
cholesteric alignment region at any time point, or removing
the applied voltage. Furthermore, the cholesteric alignment
state may be completely released, and then liquid crystal
molecules in the liquid crystal region may be all aligned in the
same direction. The region including liquid crystal molecules
in such a state may be referred to as a non-cholesteric align-
ment region. That is, the non-cholesteric alignment region
300 may be a region in which the entire liquid crystal mol-
ecules are vertically aligned, horizontally aligned, or aligned
at an angle therebetween.

The cholesteric alignment region and the non-cholesteric
alignment region may switch between each other by the
applied voltage. The regions may switch, for example, such
that a cholesteric alignment region or a non-cholesteric align-
ment region is formed over the entire region. Therefore, when
a voltage is applied to the region, the same voltage may be
applied to the entire region or a region in which the alignment
thereof is to be re-aligned. As a result, the patterning process
of an electrode layer for implementing both optical anisot-
ropy and isotropy may be omitted, and thus it is possible to
manufacture a device using a simple method. Also, a lens
layer may be manufactured by an existing method of manu-
facturing a liquid crystal panel.

In an illustrative embodiment, a lens layer in a non-voltage
applied state may include a cholesteric alignment region.
When a voltage enough to completely release the cholesteric
alignment state is applied to the lens layer, the cholesteric
alignment region may switch to the non-cholesteric align-
ment region. Furthermore, when the voltage applied to the
lens layer including the non-cholesteric alignment region is
removed, the region may switch to the cholesteric alignment
region.

The cholesteric alignment region may be a planar align-
ment region, a homeotropic alignment region, or a focal conic
alignment region. The planar alignment region may be a
region in which the helical axis of the region is aligned ver-
tically to the surface of the lens layer. The homeotropic align-
ment region may be a region in which the helical axis of the
region is aligned parallel to the surface of the lens layer.
Furthermore, the focal alignment region may be a region in
which the helical axis of the region is aligned neither verti-
cally nor parallel to the surface of the lens layer. In an illus-
trative embodiment, the cholesteric alignment region may be
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a homeotropic alignment region. The homeotropic alignment
region may be formed such that the helical axis (H) of the
region is parallel to the surface of the lens layer, as in FIG. 5.

The homeotropic alignment region may have a periodic
refractive index distribution with respect to linearly polarized
light that is perpendicular to the helical axis of the region. The
region may have, for example, a refractive index distribution
that uses a V2 pitch as a period. In an illustrative embodiment
of the present application, the region may have a refractive
index distribution of the following Equation 1.

”e,y(x):”e”o/(”ez cos? O(x)+1,2 sin? O(x))!2 [Equation 1]

In Equation 1, x is any number from Oto P/2 as a coordinate
of the cholesteric alignment region, where P is a pitch of the
cholesteric alignmentregion, n,(x) is a refractive index of the
cholesteric alignment region with respect to the linearly
polarized light at an X point, nn, is an extraordinary refractive
index of liquid crystal molecules in the cholesteric alignment
region, n, is an ordinary refractive index of liquid crystal
molecules in the cholesteric alignment region, and 6(x) is an
angle of an optical axis of liquid crystal molecules at a coor-
dinate corresponding to an optical axis of liquid crystal mol-
ecules at a point where x is O.

The aforementioned x has a coordinate vale from O to P/2
as a coordinate in a direction parallel to the surface of the lens
layer in the cholesteric alignment region, as in FIG. 5. The 0
is a coordinate at a point where the pitch of cholesterically
aligned liquid crystal molecules begins, as in FIG. 5. In an
illustrative embodiment, the point where the pitch begins may
be a point where the major axis of the liquid crystal molecules
is formed parallel to the surface of the lens layer. P/2 is a
coordinate at a point where the cholesterically aligned liquid
crystal molecules are rotated by 180 degrees.

The 6(x) is an angle of an optical axis of liquid crystal
molecules at a coordinate (x) corresponding to an optical axis
of liquid crystal molecules at a point where x is 0, and thus
0(0) is 0. Furthermore, the optical axis of liquid crystal mol-
ecules at a point where x is P/4 is rotated by 90 degrees from
the optical axis of liquid crystal molecules at a point where x
is 0, and thus 6(P/4) is /2. In addition, the optical axis of
liquid crystal molecules at a point where x is P/2 is rotated by
180 degrees from the optical axis of liquid crystal molecules
at a point where x is 0, and thus 6(P/2) is 7.

It 8(0)=0, 6(P/4)=n/2, and B(P/2)=n are substituted into
Bquation 1, values of n,{0)=n,,P/2)=n, and n_,(P/4)=n,
may be obtained. That is, the cholesteric alignment region
may have a refractive index distribution having an ordinary
refractive index at 0 pitch and %2 pitch (P/2), and an extraor-
dinary refractive index at %4 pitch (P/4). The n,_,4(x) may be,
for example, a refractive index measured at an x point with
respect to linearly polarized light which has a wavelength of
550 nm and is perpendicular to the helical axis of the region.

When the refractive index distribution within the V% pitch
of the cholesteric alignment region is adjusted according to
Equation 1, the region may serve as a lenticular lens. There-
fore, L and R signals may be separately output through the
cholesteric alignment region.

In an illustrative embodiment, the cholesteric alignment
region may serve as a lens having a focal distance of 0.1 mm
to 100 cm, 0.1 mm to 70 cm, 0.1 mm to 50 cm, 0.1 mm to 30
cm, or 0.1 mmto 10 cm, which is determined according to the
following Equation 2.

F=P2/(32xdxAn) [Equation 2]

In Equation 2, P is a pitch of the cholesteric alignment
region, d is a thickness of the lens layer, and An is a difference
(n,~n,) between the extraordinary refractive index (n,) and
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the ordinary refractive index (n,) of liquid crystal molecules
in the cholesteric alignment region.

The focal distance (F) may be, for example, a focal distance
with respect to linearly polarized light that is perpendicular to
the helical axis of the region. Such a focal distance may be
controlled in consideration of, for example, the viewing dis-
tance of a 3D device. Also, the pitch or birefringence of the
cholesteric alignment region, the thickness of the lens layer,
and the like may be adjusted in order to control the focal
distance (F).

The pitch of the cholesteric alignment region may be
appropriately controlled in consideration of, for example, the
pixel size of the display element of the 3D device and the like.
In an illustrative embodiment, the pitch of the cholesteric
alignment region may be controlled to a degree suchas 0.1 um
to 10cm, 0.1 pmto 5cm, 0.1 pmto 3 cm, 0.1 pmto 1 cm, 0.1
pm to 5,000 um, or 0.1 pm to 3,000 pm. When the pitch is
controlled within the range, R and L signals transmitted from
the display device may be separately output through the liquid
crystal lens panel.

In addition, it is possible to control the difference (n,-n,)
between the extraordinary refractive index (n,) and the ordi-
nary refractive index (n,) of liquid crystal molecules in the
cholesteric alignment region within a range 0f 0.01 t0 0.6, 0.1
to 0.6, or 0.01 to 0.5 such that 3D images may be viewed
without glasses in an appropriate distance. Also, in order to
secure an appropriate viewing distance of the device, the
thickness of the lens layer may be controlled to 0.1 um to 100
um, 0.1 um to 50 pum, 0.1 wm to 30 pm, or 0.1 um to 10 um.

The liquid crystal lens panel may additionally include a
base layer in which an electrode layer is formed on one
surface thereof. Furthermore, the lens layer may be disposed
adjacent to the electrode layer of the base layer.

In an illustrative embodiment, the liquid crystal lens panel
includes two base layers 100 and 200 disposed to face each
other, as in FIGS. 5 and 6, an electrode layer is present at one
surface of at least one base layer of the two base layers, and
the lens layer 300 may be disposed to be in contact with the
electrode layer between the base layers disposed to face each
other. One of the two base layers may be referred to as a first
base layer 100, and the other may be referred to as a second
base layer 200. The two base layers may use the same base or
different bases.

It is possible to use a base layer which is typically used in
manufacturing a liquid crystal panel without limitation as the
base layer. Examples of the base layer include a glass base
layer, aplastic base layer, and the like. Examples of the plastic
base layer include a sheet or film including: a cellulose resin,
such as triacetyl cellulose (TAC), diacetyl cellulose (DAC), or
the like; a cyclic olefin polymer (COP), such as a norbornene
derivative and the like; an acryl resin, such as cyclic olefin
copolymer (COC), poly(methyl methacrylate) (PMMA), and
the like; polycarbonate (PC); a polyolefin, such as polyethyl-
ene (PE), polypropylene (PP), or the like; polyvinyl alcohol
(PVA); poly ether sulfone (PES); polyetheretherketone
(PEEK); polyetherimide (PEI); polyethylenenaphthalate
(PEN); a polyester, such as polyethyleneterephthalate (PET)
and the like; polyimide (PI); polysulfone (PSF); or a fluorine
resin, and the like. The plastic base layer may be optically
isotropic or anisotropic.

The base layer may include a UV blocking agent or UV
absorbent. When the base layer includes the UV blocking
agent or absorbent, deterioration of the lens layer due to UV
rays may be prevented. Examples of the UV blocking agent or
absorbent include organic materials, such as salicylic acid
ester compounds, benzophenone compounds, oxybenzophe-
none compounds, benzotriazol compounds, cyanoacrylate
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compounds, or benzoate compounds, or inorganic materials,
such as zinc oxide or a nickel complex salt, and the like. A
content of the UV protector or absorbent in the base layer is
not particularly limited and may be appropriately selected in
consideration of a desired effect. For example, during the
process of manufacturing the plastic base layer, the UV pro-
tector or absorbent may be included in a weight ratio of about
0.1% by weight to about 25% by weight in a weight ratio
based on a main material of the base layer.

A thickness of the base layer is not particularly limited but
may be appropriately adjusted according to the desired use.
The base layer may have a monolayer structure or a multi-
layer structure.

As the electrode layer present at one surface of the base
layer, for example, a transparent conductive electrode, such
as indium tin oxide (ITO) and the like may be used.

The liquid crystal lens panel may additionally include an
alignment layer between the base layer and the lens layer. As
the alignment layer, it is possible to use a typical alignment
layer known in the art, for example, a photo alignment layer,
an alignment layer formed by a (nano) imprinting method, a
rubbing alignment layer, or the like. The alignment layer has
an arbitrary configuration, and it is also possible to impart an
alignment property to the base layer by directly rubbing or
stretching the base layer without using the alignment layer.

In an illustrative embodiment, when the cholesteric align-
ment region is a homeotropic alignment region, a vertical
alignment layer may be used as the alignment layer. The
vertical alignment layer may be an alignment layer which
may impart an alignment property such that liquid crystal
molecules adjacent to each other are aligned in a direction
vertical to the surface of the vertical alignment layer.

The liquid crystal lens panel may be formed by a method
known in the art in order to satisfy the aforementioned con-
ditions. The panel may be manufactured, for example, by
facing two base layers with each other such that the electrode
layer faces the base layer, injecting a liquid crystal composi-
tion between the two base layers, and aligning liquid crystal
molecules to form a lens layer.

The liquid crystal composition may include all kinds of
compositions, which may be used in order to form a choles-
teric alignment region.

In an illustrative embodiment, the composition may
include nematic liquid crystal molecules and a chiral agent.
Nematic liquid crystal molecules are typically aligned in a
long axis direction, do not form a layer, and are aligned in a
state where the positions thereof are irregular. A desired heli-
cal pitch may be caused by adding a chiral agent to the
nematic liquid crystal molecules. At this time, the helical
pitch may be adjusted according to the following Equation 3.

P=1/P,c [Equation 3]

In Equation 3, P, is a twisting power, and ¢ is a molar
concentration of the chiral agent. Accordingly, when a chiral
agent having a high twisting power is used, or the content of
the chiral agent is adjusted to a high level, the pitch of the
chiral nematic liquid crystal molecules may be made short.

As the nematic liquid crystal molecules, those used in the
art may be used without limitation. Examples of the liquid
crystal molecules include compounds represented by the fol-
lowing Formula 1.
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[Formula 1]
Ry R Re Ry
R, A Re
Ry Rs Rio Ro

InFormula 1, A is a single bond, —COO—, or —OCO—,
each of R, to R, is independently hydrogen, a halogen, an
alkyl group, an alkoxy group, an alkoxycarbonyl group, a
cyano group, a nitro group, —U-Q-P, or a substituent of the
following Formula 2, or a pair of two adjacent substituents
among R, to R or a pair of two adjacent substituents among
R, to R, are joined together to form a benzene substituted
with —U-Q-P, where U is —O—, —COO—, or —OCO—,
Q is an alkylene group or an alkylidene group, and P is an
alkenyl group, an epoxy group, a cyano group, a carboxyl
group, an acryloyl group, a methacryloyl group, an acryloy-
loxy group, or a methacryloyloxy group.

[Formula 2]

Rys Ryg

In Formula 2, B is a single bond, —COO—, or —OCO—,
each of R, to R, is independently hydrogen, a halogen, an
alkyl group, an alkoxy group, an alkoxycarbonyl group, a
cyano group, a nitro group, or —U-Q-P, or a pair of two
adjacent substituents among R, to R 5 or are joined together
to form a benzene substituted with —U-Q-P, where U is
—O0—,—COO0—, or—OCO—, QQ is an alkylene group or an
alkylidene group, and P is an alkenyl group, an epoxy group,
a cyano group, a carboxyl group, an acryloyl group, a meth-
acryloyl group, an acryloyloxy group, or a methacryloyloxy
group.

In Formulas 1 and 2, the fact that two adjacent substituents
are joined together to form a benzene substituted with —U-
Q-P may mean that two adjacent substituents are joined
together to form a naphthalene backbone entirely substituted
with —U-Q-P.

The symbol

on the left of B in Formula 2 may mean that B is directly
bound to the benzene of Formula 1.

The term “single bond” in Formulae 1 and 2 means the case
in which no separate atom is present at a part represented by
A or B. For example, when A in Formula 1 is a single bond,
benzene rings disposed on both sides of A may be directly
bound to each other to form a biphenyl structure.

Examples of the halogen in Formulas 1 and 2 may include
fluorine, chlorine, bromine, iodine, or the like.
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In the present specification, unless otherwise defined, the
term “alkyl group” may refer to a linear or branched alkyl
group having 1 to 20 carbon atoms, 1 to 16 carbon atoms, 1 to
12 carbon atoms, 1 to 8 carbon atoms, or 1 to 4 carbon atoms,
or a cycloalkyl group having 3 to 20 carbon atoms, 3 to 16
carbon atoms, or 4 to 12 carbon atoms. The alkyl group may
be arbitrarily substituted with one or more substituents.

In the present specification, unless otherwise defined, the
term “alkoxy group” may mean refer to an alkoxy group
having 1 to 20 carbon atoms, 1 to 16 carbon atoms, 1 to 12
carbon atoms, 1 to 8 carbon atoms, or 1 to 4 carbon atoms. The
alkoxy group may be linear, branched, or cyclic. In addition,
the alkoxy group may be arbitrarily substituted with one or
more substituents.

Also, inthe present specification, unless otherwise defined,
the term “alkylene group or alkylidene group” may referto an
alkylene group or alkylidene group having 1 to 12 carbon
atoms, 4 to 10 carbon atoms, or 6 to 9 carbon atoms. The
alkylene group or alkylidene group may be linear, branched,
or cyclic. In addition, the alkylene group or alkylidene group
may be arbitrarily substituted with one or more substituents.

Also, inthe present specification, unless otherwise defined,
the alkenyl group may refer to an alkenyl group having 2 to 20
carbon atoms, 2 to 16 carbon atoms, 2 to 12 carbon atoms, 2
to 8 carbon atoms, or 2 to 4 carbon atoms. The alkenyl group
may be linear, branched, or cyclic. In addition, the alkenyl
group may be arbitrarily substituted with one or more sub-
stituents.

In an illustrative embodiment, P in Formulas 1 and 2 may
be an acryloyl group, a methacryloyl group, an acryloyloxy
group, or a methacryloyloxy group.

In Formulas 1 and 2, when —U-Q-P or a residue of For-
mula 2 is included, the —U-Q-P or the residue of Formula 2
may be present in, for example, a position of R}, Rg, or R 5,
and for example, one or two of the —U-Q-P or the residue of
Formula 2 may be present. Also, in the compound of Formula
1 or the residue of Formula 2, examples of the substituent
other than —U-Q-P or the residue of Formula 2 may include
hydrogen, a halogen, a linear or branched alkyl group having
1to 4 carbon atoms, a cycloalkyl group having 4 to 12 carbon
atoms, a cyano group, an alkoxy group having 1 to 4 carbon
atoms, or a nitro group. In another illustrative embodiment of
the present application, examples of the substituent other than
—U-Q-P or the residue of Formula 2 may include chlorine, a
linear or branched alkyl group having 1 to 4 carbon atoms, a
cycloalkyl group having 4 to 12 carbon atoms, an alkoxy
group having 1 to 4 carbon atoms, or a cyano group.

In the present specification, examples of the substituent
that may be substituted with a specific compound or a func-
tional include an alkyl group, an alkoxy group, an alkenyl
group, an epoxy group, an oxo group, an oxetanyl group, a
mercapto group, a cyano group, a carboxyl group, an acryloyl
group, a methacryloyl group, an acryloyloxy group, a meth-
acryloyloxy group, an aryl group or the like, but are not
limited thereto.

Any chiral agent may be used without any particular limi-
tation as long as the chiral agent may cause a desired helical
pitch without impairing liquid crystal properties of the liquid
crystals, for example, nematic regularity. The chiral agent for
causing helical pitch to the liquid crystals needs to include at
least chirality in the molecular structure. Examples of the
chiral agent may include compounds having one or at least
two asymmetric carbon atoms, compounds having an asym-
metric point on a heteroatom, such as chiral amine, chiral
sulfoxide, or the like, or compounds having an axially asym-
metric and optically active site, such as cumulene, binaph-
thol, or the like. Examples of the chiral agent may include
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low-molecular compounds having a molecular weight of
1,500 or less. For examples, as the chiral agent, it is also
possible to use commercially available chiral nematic liquid
crystals, for example, S-811 available from Merck & Co. Inc.,
LC756 of BASF Co., and the like.

The chiral agent may be in a ratio of 1 to 10 parts by weight
based on 100 parts by weight of the compound of Formula 1.
The helical twisting of the cholesteric alignment region may
be effectively induced by adjusting the content of the chiral
agent as described above. In the present specification, unless
otherwise defined, the unit part by weight may refer to a ratio
of the weight.

The cholesteric alignment liquid crystal composition may
be typically a part of a coating composition including one or
more solvents. Examples of a solvent may include: haloge-
nated hydrocarbons, such as chloroform, dichloromethane,
tetrachloroethane, trichloroethylene, tetrachloroethylene,
chlorobenze, and the like; aromatic hydrocarbons, such as
benzene, toluene, xylene, methoxybenzene, 1,2-dimethoxy-
benzene, and the like; alcohols, such as methanol, ethanol,
propanol, isopropanol, and the like; ketone-based solvents,
such as acetone, methyl ethyl ketone, methyl isobutyl ketone,
cyclohexanone, cyclopentanone, and the like; cellosolves,
such as methyl cellosolve, ethyl cellosolve, butyl cellosolve,
and the like; ethers, such as diethylene glycol dimethyl ether
(DEGDME), dipropylene glycol dimethyl ether (DPGDME),
and the like; and the like. In addition, the content of the
solvent is not particularly limited, and may be appropriately
selected in consideration of coating efficiency, drying effi-
ciency, and the like.

In the liquid crystal composition or a coating composition
including the same, a polymerizable monomer, a polymer, a
dispersant, an initiator, a crosslinking agent, a surfactant, an
antioxidant, an ozone inhibitor, and the like may be addition-
ally blended within a range that does not disturb the alignment
of'liquid crystal molecules in addition to the aforementioned
components. Additionally, if a coating composition is
desired, various dyes and pigments may be included in order
to absorb UV rays, IR rays, or visible rays. In some cases, it
may be appropriate to add a viscosity modifier, such as a
thickener and a filler, thereto.

The cholesteric alignment liquid crystal composition may
be injected between the two base layers by, for example,
various liquid injection methods. Furthermore, the liquid
crystal molecules of the injected liquid crystal composition
may be aligned to form a lens layer. Aligning liquid crystal
molecules may be performed by, for example, the aforemen-
tioned alignment layer.

The liquid crystal lens panel may re-align the alignment of
liquid crystal molecules according to the application of volt-
age. In an illustrative embodiment of the present application,
in a state where the lens layer includes a cholesteric alignment
region as in FIG. 5, light passing through the region may be
separately emitted according to the position of the incident
light. In another embodiment of the present application, in a
state where the lens layer includes a non-cholesteric align-
ment region, light passing through the region may be emitted
as it is regardless of the position of the incident light. Accord-
ingly, the device may control the alignment of the region to
display both a two-dimensional image (2D image) and a
three-dimensional image (3D image).

The liquid crystal lens panel, as in FIGS. 1 and 2, may be
disposed to enable light transmitted from the display element
to be transmitted. Also, the liquid crystal panel may be
aligned such that the %2 pitch of the cholesteric alignment
region corresponds to a pair of the UR and UL regions of the
display element, as in FIG. 1. The alignment in which the %5
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pitch of the cholesteric alignment region corresponds to a pair
of the UR and UL regions means an alignment in which an
image signal generated from a pair of the UR and UL regions
may be incident within the % pitch of the cholesteric align-
ment region, and does not necessarily mean that a pair of UR
and UL regions and the %% pitch of the cholesteric alignment
region are formed with the same position and size.

The liquid crystal lens panel may exhibit properties of
optical anisotropy and optical isotropy with respect to lin-
early polarized light in a direction perpendicular to the helical
axis of the cholesteric alignment region according to the
application of voltage. Accordingly, the device may show
two-dimensional images, or three-dimensional images
according to the application of voltage on the liquid crystal
lens panel.

A driving process that the device exhibits three-dimen-
sional images will be described. As in FIG. 1, the liquid
crystal panel 10 may include a cholesteric alignment region in
a state where three-dimensional images are shown. Further-
more, a polarized signal passing through the second polarizer
may be polarized to be incident to the liquid crystal lens panel
such that the polarization direction of the signal is perpen-
dicular to the helical axis of the region. Accordingly, R and L.
signals generated from the UR and UL regions of the display
element 20 may be separated from the cholesteric alignment
region to be output to a different direction. In an illustrative
embodiment of the present application, the R signal generated
from the UR region and the L signal generated from the UL
region may be separated while passing through the choles-
teric alignment region. Furthermore, the R signal passing
through the liquid crystal region may be incident to the right
eye (HR) of an observer, and the L. signal passing through the
liquid crystal region may be incident to the left eye (HL ) of the
observer. Therefore, the observer may observe three-dimen-
sional images without wearing special glasses, for example,
shutter glass type glasses, polarization glasses, or the like.

In addition, a driving process that the device exhibits two-
dimensional images will be described. As in FIG. 2, the liquid
crystal lens panel 10 may include a non-cholesteric alignment
region in a state where the display element 20 shows two-
dimensional images. That is, the liquid crystal lens panel may
include a region having an optical isotropy with respect to
linearly polarized light that is perpendicular to the helical axis
of the cholesteric alignment region in a driving state where
two-dimensional images are shown. Accordingly, a two-di-
mensional image signal generated from the UR and UL
regions of the display element 20 may pass through the iso-
tropic region directly. As a result, the observer may observe
two-dimensional images.

The device may be implemented by a configuration and a
method, which are typically adopted in the art, except that
both a two-dimensional image and a three-dimensional image
may be displayed by applying a liquid crystal lens panel.

An illustrative display device of the present application
may display three-dimensional images or two-dimensional
images, which may be enjoyed without glasses.

Effect

An illustrative display device of the present application
may display three-dimensional images or two-dimensional
images, which may be enjoyed without glasses.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a schematic of an illustrative embodiment of
the driving state where the illustrative display device shows
three-dimensional images.
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FIG. 2 shows a schematic of an illustrative embodiment of
the driving state where the illustrative display device shows
two-dimensional images.

FIGS. 3 and 4 show schematics of illustrative embodiments
of arrangements of the UR region and UL regions.

FIG. 5 shows a schematic of an illustrative embodiment of
an illustrative cholesteric alignment region.

FIG. 6 shows a schematic of an illustrative embodiment of
an illustrative non-cholesteric alignment region.

FIG. 7 shows a schematic of an illustrative embodiment of
the method of evaluating whether the display device sepa-
rately outputs [ and R signals in Example.

FIG. 8 is a graph showing that the display device in
Example separately outputs L. and R signals.

ILLUSTRATIVE EMBODIMENTS

Hereinafter, illustrative embodiments of the present appli-
cation will be described in detail. However, the present appli-
cation is not limited to the embodiments disclosed below but
can be implemented in various forms. The following embodi-
ments are described in order to enable those of ordinary skill
in the art to embody and practice the present application.

Hereinafter, the display device will be described in more
detail with reference to Example. However, the device is not
limited by the Example suggested.

EXAMPLE

(1) Preparation of Cholesteric Alignment Liquid Crystal
Composition

As a cholesteric alignment liquid crystal composition, a
composition including liquid crystal molecules having a dif-
ference (n,-n,) between an extraordinary refractive index
(n,) and an ordinary refractive index (n,) of about 0.2 was
used.

(2) Manufacture of Liquid Crystal Lens Panel and Display
Device

A liquid crystal lens panel was manufactured by using an
electrode substrate in which a vertical alignment layer gen-
erally used in the manufacture of a liquid crystal panel was
formed (a base layer with an electrode layer formed at one
surface thereof). Specifically, the liquid crystal lens panel was
manufactured by disposing two substrates including the elec-
trode substrate to face each other at an interval of about 4.1
um, injecting the cholesteric alignment liquid crystal compo-
sition, and cholesterically aligning liquid crystal molecules.

The lens layer of the liquid crystal lens panel includes a
homeotropically aligned cholesteric alignment region in a
state where voltage was not applied, as in FIG. 5. The cho-
lesteric alignment region had a pitch (P) of about 600 um, and
the lens layer 300 had a thickness of about 4.1 um. When
liquid crystal molecules had dielectric anisotropy and then
voltage was applied, liquid crystal molecules were aligned in
a direction according to the applied voltage, and thus a non-
cholesteric alignment liquid crystal region was formed, as in
FIG. 6. A display device was manufactured by applying the
manufactured liquid crystal lens panel to a typical 3D device
of lenticular lens type as a lenticular lens.

Experimental Example

When the liquid crystal lens panel in the display device
included a homeotropically aligned cholesteric alignment
region, it was evaluated by the following method whether a
three-dimensional image may be enjoyed without special
glasses.
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First, a brightness measuring meter (SR-UL2 Spectrom-
eter, 50) was disposed at an observation point (any point in
contact with the X line of FIG. 7) from which the display
device was capable of being observed as in FIG. 7. Subse-
quently, brightness was measured by the brightness measur-
ing meter in a state where the device allowed the L signal to be
output. While maintaining the distance with the device,
brightness in each case was measured while moving the
brightness measuring meter 50 in a horizontal direction along
the X line in FIG. 7. The brightness in each case was mea-
sured, and the brightness was defined as the intensity of the L.
signal at each point. Likewise, brightness in each case was
measured while moving the brightness measuring meter in a
state where the device allowed the R signal to be output.
Furthermore, the brightness was defined as the intensity of the
R signal at the point.

The intensities of L and R signals at each point are shown
in Table 1 and FIG. 8.

The measured angle (A) in the following Table 1 is defined
as an angle between a virtual line connecting a point (S1) at
which the Y line is in contact with the surface of the display
element and a central point (S2) of the brightness measuring
meter, and theY line. Furthermore, when the brightness mea-
suring meter was present on the right side of the Y line, the
measured angle was defined as a positive value, and when the
brightness measuring meter was present on the left side of the
Y line, the measured angle was defined as a negative value.
The aboveY line passes through the center of the device and
may be defined as a normal line with respect to the surface of
the device.

TABLE 1

Measured angle (unit:

degree) Intensity of L signal Intensity of R signal

-3 0 0

-29 30.9017 0

-2.8 58.7785 0

=27 80.9017 0

-2.6 95.1057 0

=25 100 0

-24 95.1057 0

-23 80.9017 0

=22 58.7785 0

=21 30.9017 0

-2 0 0
2 0 0
2.1 0 30.9017
2.2 0 58.7785
2.3 0 80.9017
2.4 0 95.1057
2.5 0 100
2.6 0 95.1057
2.7 0 80.9017
2.8 0 58.7785
2.9 0 30.9017
3 0 0

a, b: The intensities of L and R signals are relative intensities when the intensity of the signal
is defined as 100 at a point where the maximum brightness is measured.
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What is claimed is:

1. A display device comprising:

a display element configured to emit an image signal com-
prising a right-eye image signal and a left-eye image
signal; and

a liquid crystal lens panel that comprises a lens layer com-
prising a liquid crystal region formed by a liquid crystal
molecule, that is configured to be convertible between a
homeotropically aligned cholesteric alignment region
and a non-cholesteric alignment region, and that is posi-
tioned such that the image signal emitted from the dis-
play element can be incident thereon,

wherein the lens layer in a non-voltage applied state
includes the homeotropically aligned cholesteric align-
ment region, and wherein the homeotropically aligned
cholesteric alignment region switches to the non-choles-
teric alignment region when a voltage is applied to the
lens layer.

2. The display device of claim 1, wherein the liquid crystal
lens panel is positioned such that a pair of the right-eye and
left-eye image signals emitted from the display element can
be incident on a region corresponding to a half pitch of the
cholesteric alignment region.

3. The display device of claim 1, wherein the cholesteric
alignment region exhibits a distribution according to the fol-
lowing Equation 1 of refractive indices index distribution
with respect to light that is linearly polarized in a direction
perpendicular to a helical axis of the region:

nel?(x):rleno/(ne2 cos? 0(x)+n1,2 sin? 0(x)) "2 [Equation 1]

wherein, x is any number from O to P/2 as a coordinate of
the cholesteric alignment region, where P is a pitch of
the cholesteric alignment region, n_4{x) is a refractive
index of the cholesteric alignment region with respect to
the linearly polarized light at an X point, n, is an extraor-
dinary refractive index of liquid crystal molecules, n, is
an ordinary refractive index of liquid crystal molecules,
and 6(x) is an angle of an optical axis of liquid crystal
molecules at a coordinate corresponding to an optical
axis of liquid crystal molecules at a point where x is O.
4. The display device of claim 1, wherein the cholesteric
alignment region has a focal distance F in the range from 0.1
mm to 100 cm, the focal distance F being defined according to
the following Equation 2:

F=P%/(32xdxAn) [Equation 2]

wherein, P is a pitch of the cholesteric alignment region, d
is a thickness of the lens layer, and An is a difference
(n,—n,) between the extraordinary refractive index (n,)
and the ordinary refractive index (n,) of the liquid crys-
tal molecules.

5. The display device of claim 1, wherein the liquid crystal

molecules have a positive or negative dielectric anisotropy.
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